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Abstract

A method to measure the longitudinal polarization of
an electron beam using synchrotron radiation is proposed.
Quantum theory predicts that a longitudinally polarized
electron emits a slightly different number of synchrotron
photons into the space above and below the orbit plane.
The degree of this asymmetry is proportionel to the mag-
netic field strength and the ratio between photon and elec-
tron energy. For CEBAF (electron energy E, =4GeV and
100 pA beam current), a dedicated bending magnet with
the field strength of B=625T permits us to measure &
100% polarized beam with an accuracy of about 1% in one
second when the measurement is performed with photons
in the range between Eymin = 6.0 keV and Eqmax = 600
keV. The technique for measuring this asymmetry is also
discussed.

1. INTRODUCTION

The standard polarimeters in high-energy electron
storage rings and colliders are laser polarimeters [1, 2].
A circularly polarized laser beam is directed against the
particle beam and the distribution of the backscattered
photon beam is measured.

Several years ago the Novosibitsk polarization group
used the predictions of the quantum mechanical theory of
synchrotron radiation to measure the transverse polariza-
tion in a storage ring {3]. They found good agreement
between the theory developed by Sokolov and Ternov [4,
5) and the experimental results. The aim of this paper is to
show that the longitudinal polarization can be measured
as well by using another prediction of the same theory.

II. PRINCIPAL CONSIDERATIONS

The starting point is the famous quantum mechanical
description of synchrotron radiation developed by Sokolov
and Ternov {4, 5]. According to this theory the angular
and spectral distributions of the intensity of the o and «
polarized synchrotron radiation emitted from an electron
with arbitrary spin direction can be calculated by the fol-
lowing formula:
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The indices o and x refer to the two different planes
of synchrotron light polarization: o refers to light with a
polarization vector in the orbit plane, x to light polarized
perpendicularly to this plane. ¥« describes the angular
and spectral distribution of the radiation. For longitudi-
nally polarized electrons these fanctions (neglecting spin-
flips caused by synchrotron radiation) are:
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where ( is the electron polarization, £ = 1 - B z
(1 + a?)*? we = duwon®, wo = £, c is the speed of
light, R is the bending radius, ¥ = ;n—":?,r, ¢o is electron
charge, y = -, @ = 2%, ¢ is the vertical angle between
the orbit plane and the direction of the radiated photons, €
is the bend angle, Kys(z) and K3 /s(z) aze modified Bessel
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functions, £ = 3£ +£y, and Ho = mic’ = 4.41x 10" Oe.
In the case of transverse spin polarization, (2) and (3)

must be replaced by:
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The dependence of the synchrotron radiation intensity on
the transverse polarization described in formulas (4) and
(5) was experimentally verified by the Novosibirsk polar-
ization group [3]-

Equations (2) and (3) show that the synchrotron light
intensity depends slightly on the longitudinal spin pola:-
ization ¢ = +1. This paper discusses the possibility of
measuring this asymmetry, which is buried in a highly spin-
independent background.

If we combine tquations (1), (2), and (3), and assume
£y < 1, the angular distribution of the intensity radiated



In the following the polarization detector proposed for
CEBAF is described in more detail (Fig. 2). The syn-
chrotron radiation is created by a superconductive three-
pole wiggler with a pole length of 10 em.

A transparent differential ionization chamber work-
ing in the full jon collection regime has a dark current of
Tgark € 107 A, This corresponds for an air-filled DIC
to about 300 photons with an energy of 10 keV. Since the
expected current in each part of the differential chamber
is higher than 102 A, the dark current can be neglected.

The ionization chamber can be centered with the help
of the visible part of the synchrotron radiation. For vis-
ible light £y ~ 0 and therefore the asymmetry caused by
polarization is negligible. The visible light detectors can
be silicon photodiodes [8] with a dark current of about
0.1 fA. In order to protect the photodiodes from the radi-
ation damage caused by hard x rays, mirrors can be used
as shown in Fig. 2.
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Table 2. The Parameters Used in Table 1

Photon Flux Flux Accuracy, Type of
Energy, intensitly asymmetry | fuctuation time Y Energy detector Strength of Spec t.r al L?wer ang_!c
rrent . magn. field bapdwidth of integration
e N, ANL(Q) AN | A At (GeV) | (filling gas, ) A O/ 00) oy

{GeV, mA) (photons/s) (photons/s} | (photons/s} (%, 3) length in m) 171747
0.5, 0.1 594 x 107 4.30 x 10° 2.44 x 10° 5.1, 120. 0.5 Air, 0.5 6.25 4.0/14.0 0.02
0.5, 10.0 5.94 x 1012 4.30 x 107 2.43 x 10* 1.0, 32. 10 Kr, 0.1 6.25 1.7/14 0.04
1.0, 02 2.03 x 10™4 1.98 x 107 1.42 x 10° 1.0, 50. 2.0 Xe, 0.1 6.25 0.4/10.0 .08
1.0, 10.0 2.03 x 1014 1.98 x 10° 1.42 x 107 0.7, 1.0 3.0 Xe, 1.0 6.25 0.18/10.0 012
2.0, 0.1 2.65 x 107% 2.70 x 10° 5.14 x 10° 1.0, 4.0 4.0 Xe, 1.0 6.25 0.1/10.0 0.16
3.0, 0.1 6.18 x 107* €.85 x 10° 7.86 x 10 1.15, 1.0 50.0 Shower 1.5 0.1/10.0 0.16
4.0, 0.1 | 9.78 x 10 1.10 x 10° 9.88 x 10° 0.9, 1.0 counter
50.0, 0.001 | 13.93 x 1077 5.25 x 10° 3.37 x 107 0.7, 1.0
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Figuse I: Geometrical definitions.
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Figure 2: A possible detector design. The synchrotron radiation created
wiggler is detected by a transparent differential ionization chamber. The

chamber measures the asymmetry in the synchrotron radiation distribution. The

ninble light is used to center the chamber.

The detectors for the visible light

<an be silicon photodiodes with « low dark current.



